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TECHNIC.4L NOTE No. 775

----------

AiU.LYSIS OF WIND-WJ~WIIIL DATA ON

I

.

D,IR~CTIONj.L STABILITY ,ANI)CONTROL

3y H. R. ~aSS

SUMMARY

Available wind-tunnel data on static, directional sta-
bility and control h’ave ~een collected and studied. Meth-
ods based on these st~~ies are qi~en for evaluating the
aerodynamic characteristics of vertical tail surfaces and
their contribution to static directional stability and
control. special attention has teen paid to the end-plate
effect of the horizontal tail on the vertical tail and to
the sidewash induced by the fuselage and the trailing vor-
tex system from the vvi.ng. Metho&s based.on, limited data
for fuselages and hulls, wings, and fuselage-wing combina-
tions are a,lso giv~n for e~tj.matj.n~ the contri?)ution of
the wing and the fuselage to directional stability.

This paper does not attempt tO establish criterions
for directional statility and control; rather, the empha-
sis is placed on providing some lIasis fol” dosiqn to spec-
ified criterions. An example applying the design methods
has leen included,

—

INTRODUCTIOi~

AS a part Of a general investigation dj.rected toward
developing a rational system of,tail design, a study has
been made of available wind-tunnel data on directional
sta%ility and control., The main emphasis has %een placed
on a study of the .aerodyn,amic characteristics of the ver-
tical tail surfaces and their contribution to the static
stability and control characteristics of airplanes. Data
on the characteristics of yawed fuselaqes, hulls, wings,
wing-fuselage combinations,
have also been collected.

and wing-hull combinations
The purpose of this study ~l~,s

been nQt to establish the ~ta~ilityand control criterions
for satisfactory flight handling characteristic but rath-
er to provide methods for d~sign to specified criterions,
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Rudder-effectiveness data, ~~r’ere”a.vail~.blefor 4 air-
includivg two 35-foot-span modelsplanes and 28 models,

of mnltiongine airplancsg The contribution of the verti- 1

cal. tail to stability, that is., ya’:ringnomen.ts for both
tail-attached and tail-removed coniiitions, was available

4

for eight of these r,odel.s, Yawing-noment datm for fuse-
l:T.KOSand hulls were a.vnil”ablc for 17 models. Tar 4 of
th~ 17 models, yaw tests had also been made of th= wing
alone and of the wing-fuselage combination.

.
y.

The study of the forces on the vertical tail is an
extension. of the work of references 1 and 2, which concern
the horizontal tail, and considerr,ble use h~s teen EC?.JO
of t~~c m~t~lods thnt t]~cy pres~~tc Analyses =:rerothus c?i.-
rcctcd to?/fl.rdL the determination of the chartactcristies of
the isolated tail surface and the effective velocity and
tb-~ directio~l of the air flo~~~at the t~.il, ~lr~al:rscso~”
the yawing mor.ents of the wiag-fuselage com”~inatiofis wer~~
in geiicral, nuch less satisfactory, owing to the iiiadequr.cy
of ziethods for evaluating either the contribution of the
fuscl.zge and the wing or of the large wing-fuselage inter-
ference effects.

<‘-

. ,

h
s-

Two-view drawings of the 4 airplanes and the 28
mnrlels arc fiivon in figure 1. Many di-rersc t~-pcs are rep
rfisen~~~ts most of them of recent design. The geometric
ck.arnctcristics are listed in table 1.

~iOdelS 1 and 2 ~ndL airplanes 3 to 6 wero tested in
the ITACA full-scale wind tunnel; u.odels 7 to 10, in the
iTACA 20-foot. wind tunnel; models 11 to 16, in the 17JIC.’I7-
by lo-foot ,:/in&tun~el; and ~ode~~ ~~ i. 32, in the ~~right
I?j.cld5-foot wintL tunnel.

Considerable uncertainty attends the application of
the usual :Iirfoil.theory to the design of vertic~.i tails,
owi;l,qto their low aspect ratio,,a. the necessarily arbitrary
methods of defining the .arca~ and t:ho Ip.rge ~“ero(!Ly~~mic

effects. of the fusclo.ge and. tho horizontal. .tr.il* Further-
more., the air flow in the region of th,e v’crtic~.l tail may

b:

P
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be very irregular, partihular,ly Wlie’nthe”airplane is
yawed, because of tile low velocities in the wakes of the
wing and the fuselage :.nd the’ vorticity in the air flow
due to the trailing-vortex systsm. !ThPsc fcwctors are se_p-
arateiy discussed with, the purpose of dcvi?loping consist-
ent methods of taking them, into consideration..

1)

L

s

v

P

dCnl/d8r

T

!uC

.,.
~ Symbols

aspect ratio ‘

span

fuselage length

distance from center of gravity of modeS to,the
rudder hinge line,

area

fusela~e-wing interfereilce factor

Velocity

effective dynamic prcssul”e at tail

ratio of effective dynamic pressure at tail to
free-stream dynamic pressure

density

rudder effectiveness

relative rudder effectiveness

mean chord

normal-force coefficient

yawing-mom.cnt coefficient (wind ax-es)

thrust coefficient (
effective thrust\--

)~v2~2” ,

,>
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propeller diameter

mlglc of atte.ck, degrees

of the Fa.wod vertical tail, dcgrccG

deflection of movable surface, dcgrocs

hinge-moment cocff’icient ‘ bingo moment
( qsr Vr

cross-wind Torco of fuselage

cross-wind force coefficient of fusclago
..

)

coefficients of Cn.~ and 8Y in the hi.ngc-
moment equation -

Subscripts:

t vertical tail

z’ rudder, excluding balance

b balance

f fusclnge

w wing

A airplane

a.v avcrag=c
..

Definitions of Geometric Charactcri~tics

The usual vertical tail surfaces fall into five

.
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fairly WO1l-dCfincd groups, An cxcunplc of each is shown
in figure “2, which also defines the span, Tzpe Is corro-

~,.



..
. . . .

.

8

.

..

NACA, !lechaical Note No. ‘7’75 5

spending to the twin-tail construction, is most nearly a
normal airfdil and its span and area are defined in the
usual manner. Type II iS attached to ,2fuselage that
tapers to a point at thcr.ear. T?le span and the area cure
both measured to the horizontal tail, which assumes the
part of an end plCate* ,T37-J)CS ~1~ ~~d ~ ~~e found 011 fu-
selages that taper, not to a point, but to c.vertical
knife edge at the rear.. The span is measured to the hori-
zontal tail, and the area is taken C.S the sum of the fin
area, measured to the horizontal tail, and tho total mov-
ablo area. Yor type IV with the horizontal tail mounted
on the vertical tail, the span is measured to the upper
surfc.ce or to the extondcd upper surfaco of the fuselage
and the area is the sum of the fin area, me,n.sured to the
upper surface of the fuselage, and tho total. movable arc~a-
Thcs~ definitions may appervr rather ar%itrary and are
perhaps no het~er than othors that could be chosen; yet
the results obtained with them were gci~orally consistent.

Aerodynamic Characteristics of the Isolated Vorticc.1 Tc.il

Normal-force characteristics. - The slope of ihc nor-
l?lal-foreo curve, dClv,b/dcot,is primarily a function of ns-

pect rc.tio. It must bc noted, however, that the horizon-
tal tail acts as an end ~latc for the vertical tail, which
causes the cffectivs aspect ratio of the Vei’tical tail to
excocd its geometric value. A theoretical analysis made
by members of the full-scaio-tunnel staff has shown that
for the usual ratios of vertical-tail span to horizontal-
tail span, the increase in aspect ratio-will bo about 55
pcrccnt. Tests of moacl 7 with two differe~it hOriZOllt~.1
tcils iilclicated that the span. ratio is not a criticc.1 fac-
tor. In the ahscncc of the horizontal tail, thc,fusclr.ge
itself probably exerts a considcralle end-plate effect,
Such an effect is not readily calculable although some of
the t~sts indicated it to be quite large, ‘

,.

W,e variation of dC~T+/dat with aspect ratio is
d

sho~i~itin tkc curve of figure 3, which summarizes the re-
sults of reference 3 for c.spect ratios smaller than 3 and
those of rofcrcn.cc 1 for aspect ratios larger than 3. The
curve rcpr)cscnts OP-lY an average of cxperimcnt~l results
and, ui~der certain conditions, nay bc somewhat inaccurate.
I?or cxarJplc~ the val~~ of d.C@da~ may be incroasod 5

to 10 ycrccnt by a scaled gap between the fin and the
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.

rudder (reference 4) or may be loweretl an dqual amount
or sore hy a had gap or b;~ an irregular plan form.

!i!he-;alue of the relative rudder effectiveness T
as a f’tmction of the relative rudder aridbalance areas
is plctted in figure 4$ which rcpuoduces the curves of
figure 19 of reference 2. Here again certain deviations
from the curves may be expected under various conditions,
for the rudder effcctivoncss will also depend on the
spanwise distribution of the rudder area and on the na-
ture of the gap tetwccn tha fin and the rudder (rcfcrenco
4-). scaling the gap may incrcaso “T by ac much as 15
pel’cent..

Hinxc-m.omont characteristics.- ~]lc h~~ge-HOP.C~. t coof-

ficicnt oi a rudd.cr may be expressed (rcfcrcncc ~) as a
fuIIcti,on of t!le nornal-force coefficient of the tail ‘and
angle of rudder iicflcction

%r=u Clj +V6V (1)
‘t -

“

b“

. ,

4

,

“*

m

● .

(2)

(3)

Eingc-nomont data on isolated tail surfaces without
balance and with offset-hinge bzlc.nce were available in
r’efel’cnces 2, 4, and 60 From these data values of u
an & v , at small angles of attack and rudder deflections~
were det~rmined. The results are su.mm.arizod in figures
C}ai~d 6 w3.orcin u and v arc give-n as functions of
sr/s~ and Sb/Sr.

The hillgC moments, for a given increase in normal
force, may bc appreciably less than indicated h~” those
curves if the gap bctwccn the fin and the rudder is
Seo.ls(i,but may bc somewhat groatcr if the rudder nose is
very lllunt.

.
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Dynamic wressure at th.o tail--- Tho lower part of the
single vertical tail is.’generally in a region of diminished
dynamic pressure caused ty the fuselage bound~ry layer and
perhaps also by the wake from the wing--fuselage junctures.
Pronounced. downwash, such, as will exist when partial-span
f’1.apsarc dcflectod may, however, low,~r this wake and
change the c,vcragc dyna,mic pressuro ovct the tail.

Some surveys of the air flow slightly ahead of the
vertical tail of airplane 4 are shown in figure ‘7. The
boundary layer is seen to have a considerable thickness
and doubtless is even thicker farther back where it passes
around the base of the vertic,~al tail. The averase dynmic
pressure, as determined from such surveys, is generally
slightly higher than the effective dynamic pressure acting
on the tail becaus,e of the influence of the adjacent un-
disturbed air stream. (Sco reference 2.) On the basis
of these surveys and the results of reference 2, tho ef-
fective dynamic pressure at a single vertical tail is
estimated to be, on tho ?,vcro,ge, for propollcr-removed
conditions, allout 0.90 qoe This factor may bo low for a
flap-down condition or for some types of flying boats b-av-
ing hulls that curvo upward toward the rcr,r. At CHl~lC3S
of attack approaching the stall, the fr.ctor may decrease
owing to the effect of the thickened fuselage and the wing
wake (reference ‘7).

Twin tails are somewhat more favorably located than
sinf;le tails as the wing an,d the nacelle wakes appear to
be less detrimental to the dynamic pressure at the tail
than the fuselage boundary layer. A value of !l/qc)= 1.00
was Llsed in calculating the rudder effectiveness for the
models with twin tails (models 3, 8, 9, 120 and 13) and
gave good agrecm.ent with the experiment~l values. This
factor should probably be roil-uced if tho tails are located
directly in the wake of large nacelles.

At high thrust coefficients, as in take-off’ or climb,
the slii~stream will appreciably increase the average dy-
namic pressure at tho vertical tail. (cf. fig. 7’.) ‘ In
this rcgc.rd, the results of roforcnce 2 indictitc tho,t the
corresponding incrcasc in rudder effectiveness dCn~/d8r
may be only hc.lf as much as would correspond to the in-
creaso in average dynamic ~ressurc.

Direction of air flow at the tail.- The air velocity
in the region of the vertical tail of a yawed airplane will,
in gencral$ possess {a sidoward componont. Accordingly~ the

.
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effective angle of attack of the vart ical t~il will not
bo equal tO the an~lc Of YCLW, ~~~,

J:%::””:; J!,- ‘) ‘Whc!l?e o- ~S the sjodcw~~h ~n~le=” . “ . “W... -

which may b~ quite large, is associr.tcd with the trailing
vortex system behind yawed. wings anti wing-fuselage combl-
natiolls. An analysis of some recent tesk~ :~t the if.ACA
7’- by 10-foot wind tunnel (refcrcnces8 and 9) indicntcs
thut the sidowash anglo probabl.y ’consists of ~c~er~+l com-
-pOnonts, the tentative theory for which is given in the
follo~:ind paragraphs. ‘l!hcorder of prcsontation corre-
sponds to the order of importance (as indic.’.tod by CUICU-
Iations).

A yawed f’usel:~gc (or airship) cxp,~ricnccs r. cross-
~i~d force, a~sociated ~~ith which there is Q Vorte:c SyS-
tcm similar to that of an airfoil (refercn.cc 10), A fuse-
lage with o, low wing is comparahl.c, in this respect, with
an airfoil with an cnd plate, and the trailin!q vortex sJ.~s-
tem for positive a.nglc of yaw (noso right) wi~.1 be such
th~.t:

1. The fuselage wnkc and tho ,mir %osidc it flow to
tho left (destabilizing sidewa.sh, comparable
with the usual destabilizing downw,ash) .

2, The air above the fuselage
(sto.bil.ining sidcwnsh) .

wake flows to the right

3, The air below the intersection of the wing and
Pusc?ln.g(?wakes has practically no sidewnsh,

!lhe vorticc.1 tail surface will. thus, for a low-wing :I.ir-
pl?.rkc,bo main].y in the region of stabilizing sidewr.sh.
For a high-wing ,ai”rplane, howover, the vertical tail will
bc partly in tho region of destabilizing sidewcsh and
partly in the region of no sidcwash,

The ~ortic~~ ~hcd ~~ehind a lifting wing l“otat~ in

such a direction that the air moves inbo~.rd ,1.bcvcthe WWO
(or the trailing vortox shcot) and outboard %elow it. If
tho trnil.fn~ vortex shoot is assumed to be unr,ltcrcd by
yawing the nirplan~’, tho vsrticml tail of a yr.wed .-.irplanc
will ?JQ in r.n inw~.rci.moving stream if it is above the WCJCC
and in an. o-dtw~??tL moving stream if it is below the woko~
The effect should increase with lift coefficient and, do-
crcasc ~~it~a~aspcct rotio, and it should be espccidly pro-
nounced for wings with partial-spnn flnps dcfl.octcd.

*
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For a.wing with di,hedral a change in, l.ift at the
center ,occurs w.hon the wing is yawrdt The vortex shed

from ’ih.is,poirit rotatzs in such tidirec’.tion as to in-’
ducc o~t.flow above the wing wake and inf”lo:?lelow the

,,

wing wake. Calculations indicate that this effect will
le rclativel.y small.

9

From tho forcgoinfl discussion it will bc clear th~t~
as rcgaras the directipn of the o.ir flow at tho tails o
low-wing dcs’ign is much moro favorablo than a hi~h-wing
dcsigil.

Moment equations.- In conformity with the preceding
disc-ussion=d aualysis of the forces Ori the vertical tail
surface, the squatious for the contribution of the tail to
directional statility z:nd rudder offcctivencss are WrittOn

as follows:

dcil t

() =iqf~t
dCn!
-=”
d~r

&chjt s% t ‘q

‘—---T- (5)
d“mt Sw bw q.

As satisfactory first approximations, the forces have
been assumed to act at the rudder hinge line and the yaw-
in’g i~oment about the aerodynamic center of the vertical
tail” ‘has,been neglected.

RUDDER IJFIWCTIWINESS

Curves of yawing-moment coefficieaii against rudder
a~~gle for high-speed an~les of “attack are plotted in fig-
ure 8, which is divided into four parts for clarity. It

may be noted that, although most of the tail surfaces .do
not stall in the yange c)f rudder ~ngles below 20°, the
straight par”ts of the curves scidom extend much beyond
rudder an.glcs of 15°. Th~ sIDpe through the origin, des-
ignated the rudder has beeneffectiveness. dCn~/d8r$
tabulated in the last column of tallo II.

cOmp ;~wr~sonof ex.perimen~o,l ~J~th c~b~c~lated v,alues of

dCnt/d&.~ In order to estimate—. the accuracy of’ the theory
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and. t-he methods previously outlined, values of dCni/d6r

were calcul,o,tcd for each CC. SGby equation (5) ad compr.rcd
with the cxpei’imenta.l T&lues. The aerodynamic factors
used in the calculations arc listed in tahlc 11 and arc
here briefly reviewed.

●

✎

✎

The effective aspect ratio was. found for the single
““tails of all types except IV (see fig. 2), by multi~lyin~
the actual aspect ratio b;: 1.55. For conventiorial twin

tails, the effective aspect ratio was taken to ‘be the sanu
as tho actual aspect ratio. T!hc values Of dcHk/% wore

,
.

.
.

founcl from figure 3 by use of the effective aspect ratios.
!Nlo values of T were found from figure 40 Values of the
cff’octi.ve dynamic pressure ratio at the tail qfqo were
a.ssur,od to be 0.90 for the sin~lc tails and 1.00 for the
t-win tails,

.

.
The J.ast two columns of table 11 pcrnit a direct com-

parison between the calculated and the oxperimcntal rudder
effectiveness. The sama compc.risen is made grc.phically in
figure 9, in which the opxerimcntal values ,arc plotted
against the calculr.ted ones, the solid line rcprcscnting
exact agrccncnt. Tho o,grecment bctwacn the oxperimcntal
an?. the calculated results is, on the a.vcragc, as se.tis-
factory for tho models as for the airplane; scc.le effect
is r.ppo.rontly negligible,

-.

&

“

Discussion and sump lcmcntmy data.- The cffectivoncss
of the M-orizontal tp.il as an cnd plfite is obviously lost
or diminished when it is located above the fusclc,go-vertiti
CZ1 tail juncture (type IV of fig. 2). Calculations were
omittod from table 11 for tho four models of this t,yrc;
instcad$ tho procedure wns reversed, and the incrccsc i:~
cffcctivo aspect r:~tio was calculctcd from the experimental
rudl’,.ercffectivcncss. The results are shown in the fcllow-
irig table:

.

..

●

..

1 4
Dci’ived factor for cor- —
rcctiilg aspect ratio 0,71 0.60 1.12 1,56 1.44

——. —._—

.4

.



.

b,

.

.
.

L
b

.

*-

1

*

.

NACA Technical Note No. ’775 11

middle of the ve~ttcal tail (models 6 ahd 10) and large
when the horizontal tail is near the bottom (models 23
anc~ 26) .

Airplane.s 4 and 6 were testecl.%oih with and without
the horizontal tail (tulle 111). For nodel 43 removal of
the horizontal tail reduced the rudder effectiveness. !i!he
reduction wus relativcl.y Smp.ll$ however, as if the fuso-
l.age either to a large exteilt replace~ the horizontal tail
as an end plate or else served to add some area to the
vertical ‘tail. For airplane 6, removal of the horizontal
tail $ncrcased the rudder effectiveness- The horizontal
tail in this caso did not serve as an end plate and con-
tributed only uni’r.voralle ir.terfcrenc,c.

Some surveys of the air flow in the region of the
vertical tail were available (reference 2) for airplane 6
(fig. 10), ~or the p~r~so~-wi~g condition (wing POSi%~.On
A fig. 10[b)), the boundary layer across the root of the
;~il was much thicker than for the gull-wing condition

(win{$ Position 1, fig. 10(a)). Correspondingly, the rud-
der effectiveness was 11 percent lower for wing position
4 tha.iifor wing position 1 (table IV). The difference is
possibly associated with the rotation of the vortices shed
from the wing roots because, when a diverging motion is
induced in the boundary layer (fig. 10(b)) , it may be ex-
pected to thicken much more rapidly than when a converg-
ing notion is induced (fig. 10(a)).

. The effect of propeller operation on rudder effec-
tiveness is shown in table IV for airplane 6 with the
four winu ~ositions, Por the high thrust coefficients

* shown, the rudder effectiveness was approxinatcly doul)lod
at; low angles” of attack and iacrease~ still further with
increasing aQglGS o,.+’attack.

“

.

●

The effect of angle of attack on rudd.cr effectiveness
is shc,wn in figure 11 for nearly, all the models and air-
planes. Ia a few cases, the effectiveness contiriuously
decrea.scd with incrcasin~ angle of attacic; for most cases,
however, it rcnaincd nearly constaat up to t310 angle of
stall.

The vc;riat.ion of rudder effectiveness with yaw is
shown in figure 12. For single tails, the rudder effec-
tiVClleSS increases with :Tr.w,prob?.bly b~c~,use the f-USC-
lage boundary Iaycr at tho base of the tail decreases iil
thickness. No corresponding variation is observed for
twin tails,.
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The values of rzzddcr,effectiveness for flr.ps up C.nd
flaps down ,?.rocompared in tfi.blc V. I?lap deflection is
SC!C!P.to have negli~iblc cffoct except where flc.p deflec-
t~oil in.ducod stalling.

The given definitions of span, fin arc,%, and rudder
“nlly arbitrary whcu applied to vcrticc.1c,re.ascorn es~poc~CJ

tails of type 111, and thci.r usc in the c.alculc,tion of
dCni/d6r for tails of this type would correspondingly r;p-..
pe:~.rto hc.vc little theoretic:~l basis. The proccdurc r.::.l-s

however, bc considered as justified by the r.~rccme:lt be-
tween. the cr.lculated and the experiment,-.l results. ~cfin.-

i.:i~: th.c rudder area so that it includes only the part a-oovc
the horizontal tail led to d.cfinitcly lCSS sntisfac’tory
::[ycecne:lt, as is shown. by the conpr.risoil in table VI.

Tho results ,in table VII show that prcpc?.1.cr opcrn-
tiol~ nffects the rudder off~ctiv~:ncss only wh~n the VQr-
tical tail. is situated in the slipstreu~.. !Ihc slipstr:>r.n
increases the rudder effcctivcncss b~caus~ of thc izlcror,sed
velocity of the r.i.rflow ovor the vcrtict~.1 tnil ~.i~d.C.lSO
becnuso of the roduccd thickness of the fuselr,[<c boundary
Io.Jicr. (cf. fi~. 7.)

nodels with the vertical tail both attached ~.i~drmcvad
are listed in ta%lc VIII. T]he m~dcl from reference 9
(fig. 13), which hod no hor~zon’tal tail, hp.d been tested
with three wini; positions, two dihedral angles, aad with
60-percent-s~o,n split flaps both up and down.

Curves of yawing-momont ccofficient ngr.iilstail~lc fif
y:.w for 23 airplr.ncs and mod~~~ aro shown in figure 1~.

Most of the curves are strai@t up to rclc.ti-rely large an-
~lcs of yaw, ThC Vfi~U(3 Of the SIOpe -,.dC.,t/d$r r.t ~1 =
00 is tnkcn. ::.sthe criterion for directional stp.bility.

.4
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From the geometric ch~~~~c~c~j.sijics of the vertical
tail surfaces of table I, their corresponding values of

clCNt/d~~ ~V~~~~i~~m~~~ed*
Tqle corresponding contribution,

given - . tiCnl/d&,, of the vcrtica.1 tail to - ,

q/q.o beiilg assuned equal ‘to 0.90 for single tails and
1.00 for twin tails and siduwash being c.ssuned a%sen.t~ iS
shown. in talle VIII in the next “to t?.lclast colunn. idn
increase in aspect ratio of 55 perter.t wns assumed in
these calculations for all siilgl~ vertical tail surfnces
except th~.t of rcfcreilcc 9 which was tested without a
horizontal tail and for which c.n increase in aspect ratio
of only 45 p’crccnt we-s assumed-

!i!hero.tc of chan~c of sidewash angle with angle of
y-aw , shown in the last column cf ta%lc VIII, was ccLlcu-
~2tc~- “fl.cLlthe difference b,etwcen the experimental and

the calculated values of vertical-tail effectivcnesso In
the resu?~ts cf the tests reported in reference 9, which
i.uvolveda systematic variation of wing height, flap deflec-
tion, and dihedral angle, a good correspondence with the
previous Discussion exists in the follcwing particulars:

(a) Raising the wing increases the average d~/d~l ,
decreasing st~bility.

(b) Deflecting th~ flap, which strengthens the trail-
in~ vortex ,sheet, not only decreases (alge-
braically) dC-/d ~~ but also increases its
variation with wing height.

(c) Dihedral increases do/d$$.

.

..

.

~~~the~ evid~~ce C’cncerning ~~e flap effect is found

in tallc IX, in which it is shown tl~at flap dcfleCt.iCn

gcilcrally causes a significant increase in stability. ~~+rt

of the flap effect, however, pro3ahly exists at the wing
itself; in the tests reported in reference 8, in which the
yaw characteristics of wings alone were measured, it was
found that deflecting the flaps increased the directional
stability cf the wings themselves by values between
=0.0001 and uO.0003.

-, .
‘igurc 15 ShOWS th~.t, in geilcral, only slight varia-

ticn in stability’ occu~s with angle of attack. The Smp.11
observed variations arc, in most of the .cxamplc,s, in such
G direction as to support the sfdewash theory previously

given. The lar.gc variations “are probably due to various
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STABILITY OT WING-FUSELAGE COMBINATION

finlility of fuscl,c<gcs and hulls.- Data on the direc-
tional stshility of funclagos and hulls were obtained from
results of tests made in the UACA 7- by 10-foot wind tunnel,
at tho Washi.ilgton Navy Yard, and at tho Russian CentrsLl
Acro-li;~drodynamical Instituto (referoncc 11).

The stability criterion is chosen as %#/Ws

where Cnm I = ~fWl (Vol) , in which Nfl is the y~win~J.

the methods of rcforcnce 12, are also listed in table X
for the six fusola.gcs of circular r.nd elliptical cross
zcction-. They a.grec closely with cxpcrimentc,l values for
throc of tl~c fuselages but exceed the cxporimontal vnlucs
by e.bout 50 percent for th~ other three. It will be noted
that the comparison is not strictly v~lid, ir.asmuch P.s tk.c
Cxpcl’iment:,l Vcllucs, owinq to the cxistcnco of a resultant
cross-wind 201’C2, depend on the position of the rcfcrcnce
axis, Barrington (rofercnce 10) indi.cr.tes that this ?’orcc
is coilfinod to the rear lccwo,rd surface of the yc.wcd I)ody
and is du,~ to the brec.l~down of the hour.dar;~ Ir.ycr in work-
ing a~o,inst nn adverse pressure gradient. The rccovcry of
pressure on tho renr lccwc~rd site cf the fusolr.l~c doc~ not
occur after flow break-down (reference 12] , which produces
a rcsultdnt side force. The ma~nitudc of the yawing momont
.jS therefore dopcndcnt not on].y or. the sha.po parametc.rs of
the fuseln~;e that affect the pressure distribution but nlso
OrL r.11 tho othor va.riablos t:hp.tr.~.y,nffcct the l~oundc,~y-
I.ayor flow, The yawip-c moment tfi.cr~forc bceomc~ ~.fu~-ctio~

of Reynolds riumhcr~ roughnoss, i.iltcrfcrel~c,c$and oth.cr ‘rc-
Iatcd fc.ctors,

.

.
.

,
.

.

.

.

..

.
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i?usela,qe-wing interference:- In general, the sum of
the yawing moments of the wilig ,and the fuselage, tes,tcd
separately, does not equal the yawing moment of the wing-
fuselage combination. Uata illustratin~; this difference
are given in ta%le XI, vall+s of the iilterf~rej~ce factor,
defined as

,
dcn~

( d$, )
.— —

T f-l-w.4= ..—,

are listed in the last column of .~he tahlec The coeffi-
cients are based. on wing dimensions.

)

For the two flying boats, the fuselage-wing inter-
ference increases the instability, For the fuselages,
particularly for that of reference 9, the interference is
favorable, reducing the instability of the combination,
The effect is gz’eater for the low-wing than for the high-
wing combination, the difference being most pronounced for

: the flap-down condition. In tho most favorc.bl.e case (low
wing, flaps down, zero dihedral) tho interfcrcnco was suf-
ficient to make the wing-f.usela.ge comfiination stable,

The presence of the i~ing prolably .incroascs the in-
tensity of the %oundary-layer break-down at the rear lee-
ward sido of the fuselage , thereby reducing the instabil-
ity of the fuselage, Flap deflection magnifies this ef-
fect. I’or flaps up, the experiments indicate that dihedral
has no great effec-t; howe~rr~
lage is slightly increased,

APPLICATION

9 the instability of the fuse-

T’ODESIGN

The foregoing data and nethods may be applied to the
design of vertical tail sur.faces to obtain desired degrees
of static directional stab~lity and control, Althou&h the
methods are believed. essentially souncl, tho inad.equ~cy of
tho data somewhat limits their USC.

Directional stabilit,y.- T]ie directional stabilj.ty of
a proposed design may %e convcniontly considered in two

.
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parts: that of the wing-fusclago conbiaation, and that of
tho vertical tail:

The fus~lagc and the wing arc usually design cclwithout
referollcc to directional stability, which accordingly de-
pends on the design of the vertical tail.

*

.
.

#
.

Contribution of’wing and fusolagc to stahilit:’m- The
contribution of the wing and the fuselage may %C taken as
the vnlue for the most nearly similar wing-fuselage c@mbi-
nction of tablo XI. A somewhat more accurate proccdur~ is
tO V.ppi’OXi!lCktCsops.ratcly the terms of the expression:

.

dC t

()
The value of --2-

d$l f
my he taken as that for the most

nearly similar fuselage of ta%le X multiplied by the ratio
of the volume divided ‘oy the wing area tines the TPing span.

dCn I

()
The value of --–-

d~l ~
may %e taken as -0,00’31 for all un-

flappkd. win%s, regardless of dihedral, taper ratio, aspect
ratio, or sweepback. The interference factor ‘i ma,v he

taken to be 1,3 for flsri.nq-boat hulls or 0.6 for f’usQla%cst

Rudder-fixed sta”oility,-—..--——-____-___, ______ For a desired rudder-fixed
stability, the tail may he dosiqncd according to equation.
(4J, here rewritten: ..

in t,Thic~

dcn 1

()——--is the difference bcttveen the desired
d$~ t sta%ility of the airplane and tho

stability of the wing-fuselage com-
bination,

-.

.

.

.

.

b

“t

.
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sWY 1$ ~w Care charactoris. tics of’ the airplane
,,,

q/qo is 0,90 for single tails ancl 1.OO for
twin tnj.lls.

dcT
@ is assun.od equal ,to the value for the

nest nearly similar case in table
VIII

dc~t
From the vnlue of St -— thus calculated, the sizo and

&at

shape of the vertical tail are dctornined by the use of
figure 2 ancl various practical considerations of the type
discussed in refcreacc 13. It nust bc notoil, in the U:YC
of figure 3, that the effective aspect ratio of the usual
single tail is obt~.incd ly multiplying the actual aspec”t
ratio by 19550

If Wind-tuilncl tests Of a model have shown unsatis-=
factory cliroctionc.1 characteristics , the tiroccdure just
described nay he appliocl, with scrlc moclif~cr,tions to the
redesign of the verticc.1 tc.il. If results were obtainod
for t!~e Model with the tail both attached o.nd removed,

(“J)-. is obtained C.S the cliffercncc between the sta-
d$~ t

hilitics for the two coi~ditions, and
26-%)

car.

tbeil %C ohio.inccl directly fron equation (4). The dcsiga
of th.c ncw tail, to gj.ve the desired stability, then. pro-
Cccds 5.s lleforc!. If tail-rcnovccl tests have not bee:: nadc,

da”it bcconcs necessary to estinnte by comparison with
~

(N2J

().— frol~ equation (4).
d$; t ‘

Subtracting this value fror.1

the cxpcrinental vnluc of
‘( )

dC1l1
~ ~i gives a Value for

the tail-rcaovcd. concl.ition, aild the tail is then. rede-
signed as befcre,

R_ubbcr-free,.stc;bilityA~ iff.thtti-crudder free ,zt any
angle of yaw, tho rudclcr floats at the angle for which tho

.
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hinge moment is zero. Th,is angle may be found by equating
(1) to zero and substituting

giving

The normal-force coefficient then becomes

I UT ——-t-l’
da~. IL

The yawing’ moment due to

St 1~i ._-—&
nt ski~w LI*

u 1

the tail is then

~~nally, the contribution of the vertical tail to the
directional stability is

t
*

.

.
.

..
.

.

.

.

.

:

.
This expression is the same as that derived for rudder-

[

v
fixed stability c:{cept for the factor ‘1●d-c~T&LUT ~+v

dat
-c

.
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For any specific “design, vtiluc~sof u wid -v arc: taken
from figures 5 and 6.

(jalculation~ ~,or an :av~vagc tail ~ndicat~ ‘that the

contribution of the. vortic:~l..tail, w’ith rudd.or.free, m$ny

be rcducod to 65 yercent of its value witlz”~udder fixed.
This v~~lue is large enough in somce c.ascs to make the air-
plane directionally u,ns,table.

Directional control.- A co~nmon criterion for direc-.—
tiona~control is the value of d@l/d6r. The rudder area

corresponding to a given value of t~~i~ rat’io may hc found

from the equation

T .=
.

.-

..

.

●

(7)

The Valll(lOf 7 is found from equation (7) and is finally

aPPliod tO the curves of figure 4 to obtain suitable val-
ues of sr/st tind Sb/Sr.

Exo,n-ole.- Model 20 is identical with model 19 except
. that it ha= $argey vertical tail, It should th~refore

be possible to calculate the stability of model 20 from
that,of model 1’3 and, by a conpe.risen of the calculated
with the experimental value, to obtain an indication of
the accuracy of the methods just presented..

The value of ~~-~~ is estimated, by reference to

tallc VIII, aS 0s15, Then by the application of qquation
(4), the tail contribution to stability is calculated for
modol 19:

,

●

p)
-0.020 x

0.0619 x 1.141
,= — X 0.85 X 0.90

~~t tlg 0.8952 2.15(3

= -0.00056
.,.,

dCnt
!lhe va].ue of — for tho complci’c mbd,cl .wo.s-0.00054;

d$l” ,
dCn: is

()
the contribution of the wing and fus’olagc , — ..,., ~JJ1

then -0.00054 + 0.00056 = o~oooo20
‘ f+w

,$
,.

,. ”..”.

,..’. ,,! ,,
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20
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● ’8:
For the tail coi~tribUtio~ of model 20,

.
den?

() -0,035 x = x
1.141

=
w ~20

— x 0.85 x 0.90
0.8952 2.150

= -0.00172
~Gnt

!lhe calculated value of — for model 20 is thus
d Q!

-0.00172 + 0.00002 = -0.00170S in fair agreenent with the
e::perimei~tal value of -0,00156.

The nore important of the points mentioned in the
paper are listed here. Since the data were limited ai~d
unsystematic, the conclusions are, to a considerable de-
gree, tentative.

1. The end-plate cff@Ct of the horizontal tail in-
creases the effective aspect ratio of a single vertical
tail by about 50 perco~:t.

2. !?ho ratio of dynamic pressure r.t the tail to frco-
strcam dynamic pressure is about’ 0.90 for single tails’ and.
about 1.00 for twin tails not in large na.cellc wakes.

39 The induced flow associated with t-he trailing ‘ror-
tcx systcm of the fusclago and the wing is an important
ffl.ctorin &ircctional stability. The sidewash Is favor-
ahlc for low-wing airplanes and advers~ for high-wing ai.r-
pla.ncs.

4, Flaj? deflection increases. stability, particularly
for low-wing airplanes,

5. Dihedral roduccs stability, particularly for low-. .
wing airplanosc.

6, Flying-boat hulls aro g~ilor~.llY soncwb.at 10SS un-
st~.bl~ th~.ilfu~~lage~,. The flying lYoots tested., however,
had unfavorn.ble wing-fusolnge iaterforcnce, generally rc-
qu.iri.nggoro verticr.1 tc.il area than f’usolages on aircraft
of corfiparr.blesize.

Langley Mcnorial Aeronautical Laboratory,
~~~k~oi~~.1 Advisory Comrlittec for ~crOilciUtiCS,

Langley Fiol.d$ Vs., July 3, 1940,
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Model

;
3
4
5
6
7
8
9
10
11
12
13
14
15
16
-v

:;
1’3
20
21
22

23
~LJ
25

26
2’7
28
29
30
31
32

I c , .
. . “f .t., .

TA3LE 1.- GEOMETRIC CFLW.ACTEIRISTICSOF AII?FUNUJ3AND YOIHGS

I!ypeof
rertical
tail

———

T
111
1
11
v
N
11
1
1
Iv
111
1
1
111
11
111
V

v
111
111
111
111
IV
v

v
IV
11
11
v
11
11

11

59
59
59
59
59
59
97
97
97
97
80

80
80
80
80
80
‘W
4’0
40
40
40
40
40
40
40
‘m
4C
40
ljj

-40
ijj

40

sW

:Sq ft)

172;00
172,00
287,00
258.00
177.00
338.00
11.60
16.70
13.(x)
15,30
8.40
5.30
5.50
4.60
7.40
10.70
1.11
1.73
.CJo

.90

.96

.90

.90

.60
1.18
1.00
1.54

1.34
1.38
1.02
1.58
1.06

-bw

(ft)

3’7.5
35.0
40.0
39.0
29.4
45.8
10.3
11,8
11.9
12.3
7.7
6.3
7*4

6.1
8.2
7.7
2.8
2.9
2*2
2.2
2.5
2.5
2.6
2.1
2.s
2.7
3.0
3.6
3*1
3.0
3.5
3.0

t

(ft)

15.8
14 .()
lge~
17.0
16.5
21.6
3.6
4.8
3.’7
4.5
‘6
;:8
2.7
2.6
3.1
4*o
1.3

1.7
1.1
1.1
1.1.
1.1
1.3
.9

1*2
1.1
1.3
1*2
1.5
1.1
1.4
1.2

10.100
11.000
25.500
30.800
13.500
3’7.300

.840
1.390

.970
1.180
.660
.300
● 4!9!3
.260
.500

1.C70
.076
.138
.062
.109
.~f)g

.C71

.084

.062

.CS6

.C!95

.159

.155

.-ill

.129

.108

.134

bt

(ft)

3.’70
5.50
-JGh -L

6:[j

4.00
6.30
1.10
L*OO
.90
1.20
.?9
● 46
● 61
~J&j

.79

.71

.31

.40
● 15
.31
.31
.22
.24
.25
.28
.31
.43
“98J
.38
.#

.44
“8●a

s~

(Sq ft)

5.000
6.200

13.500
13.200
7.600
s.000
.360
.510
.480
.350
.380
.110
.260
.130
● 190
.560
.037
.076
.029
.053
.053
.033
●031
.(333

.052

.042

.057

.068

.061

.065

.065
,039

Sb

(s(2ft)

0.200
1.500
1.‘7!20
2.500
.500

2.300
.050
.120
.090
● 090
.110
.030
.010
.005
.050
● ~ijj

.006

.005

.006

.009

.009

.007

.006

.007

.005

.007
● Olc

o
,CM16
.006

0
.012——

1.34
1.11
1.29
1.s3
1●,19

1.04
1.50
1*57

1.7s
1.22
.94

1.4i
1.55

●79

1.25
.93

1.ZO
1.3.7

●38
.90
.90
,68
‘8.0
.97

1.64
1.02
1:09
2.21
1.32
1.84
1.80
1.19

2*49
.56
● 53
● Jz

.56
*24

.43

.36
“o●a
.30
.57
.35
.53
‘9.-k

.38
● 52
● 53
-593

● 45

.48

.48
“7.*

.37
● 53
.54
.44
.34
● 44
.55
●5O
.60
.29
—.

<J
*

Sb

g
.——

2904
.24
● 13

● 19
.07
.26
-491
.24
.19
.26
9.&9
.2?
.OS

.04

.25

.25
‘5● A.
.07
.20
‘7● -I.
.17
.21
.19
.21
‘9●U
.16

.18
9
.10
.10
0
.31

#-
1 t

N)CA
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e
g
10
11
12
13
la

15
16
17
18
1(J
20.
21
22
23-
24
25
26
27

. 28
29
30

-* 31
32

IWective
spect rati(

2;08
1.72
1.29
2.06
lefi~

----
----

2;32
1.5’7
1.76
.-.---
~,.~~

1 ● 41
1,55
1.22
1.$4
1.44
2.02
1.81
‘ ●59
1,4.(-J
1*~()

1.04
----
1.50
2.54
---”

1.69
3,4?
2005
1.84
2.79
1.71

dq~t

“~
—.,—
O;(X5
.(jf?.?.
*{)~LJ.
●OL&&

● 042

-----
--..----

~w3
.(X+2

.!)40
-----

,~~>~
● (“)35

,0Z7
● (X32
.043
.036
.044
,041

.020
0● .35

.ozfj

,1329
------

.03’7
● 050

..w.-.”.-

.040

.(!58
~o~~

.041
•o~~

.040
-

‘r

)?m
.~Lj

.75

.68

.74

,“;7
● 47

[
,.p

.0
,=
,?$

*55
● 8’7

)976
?’71
,6’7
,66

.82
,73
.’76
.72
.74.’
,73

.74

.61
*in
●?S

. +8
•rJ~

.61
● ’75
.70
, ?5
656

q..-
qo

— ,—

)*9CI
.90

:.00
.90
.90

: 9G
.90
*90

‘..30
Loo
,q’j
● ~fJ

Loo
Loo

● 90
,99
●9O

.90

.85

.90

.90

.90

.90
b90
● S(-J

.90

.90

.90

.90

.90

.90

.90

.90

24

——
Wculated
.— .——,...

-0,0006G
- .C!O077
- ●001C9
- ,GOILO

,9C)L20

-----------
--..,--------
- *00073
- ,00061
- ‘00070
--------

- .00104
,qo$6’7

- ●oooe5
- .00046
- .00065
- .00138
- .000E9
- .00128
- .00048
- .00150
- .00119
- .00070
-----------

- .00128
- ,oo~13
--------

- .00101
- .00127
- .oo~lz
- .00~18

- .00101
- ,00098

aHorizontal-tailspans 2..58and 3011 ft ‘~~i”etested,

Wyerimental

-o ● 00960
- ,06079
- .00096
- .00153
- .60118

- .0G061
- .00055
- .00074
- .00083
- .0C072
- .00049
- .00098
--.CO060
- ,00093
- .00049
- ,00062
- .00130
- .00104
- ,00119
- ,00054
- .00156
- .00127
- .00078
- .00075
- .00129
- .00114
- .C}O085
- .00108
- .00144
- .00116
- .00119
- .00103
- ,00109

,.,.
. : ;..

..’,
> .

%rom 0.66 x 1.15, fo~ sealed gap.
.

$“
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Model

4

6 Wing position:
1 (gull)

4 (parasol)

(d:g)

1.3
‘i’.%
12.8

-1
4
9
14
-1
4!
9
14

NACA qOC~lniC21 ifOte ~Oc 7’75

TA3EE III

KX21ZONTAL !MIL ON RUIX2ERIWEWYPN’ENESS

—-

T~

(a)

+-,---
------
“-----

----

----

-----

“---

Q.56
.56
,56
‘6●a

------
----
“----
-.....”

955
*55
.55
.55

d(jnI

n$--

[orizontaltai:
on
-——

-C!.0G153
- .90152
- .00151

- .00061..
- .00061’”
- .00062
- .00G64,:
- ●ool.30-f
- .00135
- .(yJILgj

- .00151

- ●00055
- .00055
- .00058
- .00058
- .0C112
- .00121
- .00128
- .00137

Horizontal tail.
off

-0.00147
- .o@145
- .00143

- .!)0064
- .00055
- .00065
- .00065
- .00138
- ,00147
- .00153
- .00161

- .00061
- .00062
- .000.63
- ;00064
- .00119
- ,00127
- .00137
- .00149

al~issingvalues indicate that propeller was removed.

25

Reduction
(percent)

4
5
5

-5
-7
-5
-2
-6
-9
-8
-7

-11
-13
-9

-lo
-’6
-5
-7
-9
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26

L_ dc~ 1

Tc
dti*

.—— .——.———,

(:) 1------1

---”

-----

-----

----

0,56

.55

,54

.53

-0.00061

,00059

.00057

,00055

.00130

.00118

- .00119

.00112

a (deg)

4

-0,00061

.00060

.00058

.00055

.00135

.00125

.00127

.00121

—

9
—-.

-0.00062

,00061

.00057

.00058

.00142

.00133

.00133

.00128

14
—

-0,00064

.00061

- .00058

.00058

,00151

- .00141

.00141

.00137

%issing values indicato that propeller was rcmoveit.
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Model

1

2

16

22

23

24

26

29

3
15
27

31
32

..——— .

CL(deg)

maps up

-0.9
8.3
8.8

13.2

8.5
17.9

.1
11.0

10.5

10.0
16.9

9.9
----

11.1

11.8

2.’7
-1.8

0
.7

1.1

-1.5
7.7
8.9

12.7

12.7
----

.6
11.5

10.8

10.3
15.1

1. 0.0
14.8

8.5

10.9

14.8
6.4

12,4
Gf)u-b
0d.ii

I &cn ‘

—..—
I’la-psup

-0.00060
.00060
.00060
.00059

.00079

.00052

.00130

.00130

.00078

.00075

.00060

.00129
-------

.00085

.0013.6

—

.00096

.00062
- .00108

.00103

.00109

—..
Fl~pS dOWi2

-0.00060
.00059
.00060

- .00059

.00052
-...---- -

.(20128

.00128

.09978

.00075

.GO025

.00129

.0004’3

.00085

.C0113

.00096

.~0059

.00168

.00103
●00095

.

;“
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Model

——

1

2

b-

.

.

-
15 ?#in.g position:

1 (gull)

.

1
4 (parasol)

0
0
5
5

10
10

0
0
0
0
0
0

0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

-

——..

(d;g)
——

8.8
8*8
8*8
8.8
8.8
8.8

.7

.7
8.5
3.3

17.9
15.7

1.4.8
13.9

1.3
1.3
‘7.8
?.’7

12.7
12,4

-1
-1
4
~
$!

9
1.4
la

-1
-1
4:
4
9
9

14
14

:<:)
-.*.

30.36
-- #...-

‘,36
----

b.36

--..

.58
----

● 64
----

~.’7l

....-.

.28

-.00”

●O5
-.-n.-

.26
-----

● 69

...--”

.~~
.-----
.56

----
.56

------

.56

----

“,55
----

.55
----

.55
----

.55

d~nf

~

-0.000s0
.00060
.00061
.00060
.09064
,00069

.00079
,00078
.00079

- ,00079
,90052

- .00054

.00096

.00120

.00153
- .00159

.00152

.00243-

.00151

.0030’7

.00061

.001.30’

.00061.

.00135”
. .00062...

.00142~”

.00064..

.oo151~

- ,00055
.00112

- .00055
.00121
.00058
.00128
.00058
.00137

aMissinG values ii~dicate tilc,t-propeller was removed.*,.
bllight-hand propellers only operating,
cSingle-en~ine operation, left propeller only operatiag.

.
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TABLZ VIII.- DIHIICTIONALSTABIiJITYAND ESTIMATIOK OF SIDZNASH

1
?’
8

11
l~a

c’!.;?j 13,:,..,,,,-,,
‘-2’7

FrOm
refcrenc(

9

#

-1,0
5,0

- .3
@

-+ Leo
2.2$
2.2

“5
5
5
0
0
0
5
5
5
0
0
0

o
0
0
0
0
0
0

0
0
0

60
60
M)
o
0
G
60
60
60

Dihe-
dral

(deg)

.—

5.3
3.0
3.5
2.7

3.0
3.0
2.4

0
0
0
0
0
0
5
5
s
5
5
5

Wing
position
(relativ{

to
fuselatge)

Xiddle
High
Lo}7
L017

High
High
Low

High
~,~idale

Low
Hi~
~{iddle
~o~

High
Middle
Low
High
Middlc
Low

Coiilete
model

~

-0.00092
- .0008~
- .00074
- .’000’75

- .QOO13
- .03014
- .00150. .—
p~~el~.gfj
+ v~ing+
vertical
tail

- .00CX?C
.Colc?

- .N)152
- .00120
- .00150
- .00267
- .09032
- .00093
- .00+23
- .00!)70
- .ool.2c
- .0019C

!lomplete
model
less

vertical
tail

-o.of3c03
.CG030
.00003
.00007

.00048

.00085

.00025——
hsela~e

-4
wimg

.CO035

.GGO’Q

.00030

.00030

.03020
- ●(JOQ-Jo

.0(2037

.00041

.CO035

.00040

.00030

.Ooo1o

qffr?cto:
vertical

tail

-0.0608S’
- .00116
- .oo@77
- .00082

- .00061
- J-j~.gcJ

- .00175

- .00115
- .00148
- .0fi182
- .00150
- .00170
- .0~257
- .00075
- .00134
- .00158
- .00110
- ●00150
- .00200

(Mculated
effect of
vertical

tail

(~=o)

-0.(XI08S
- .0010s
- .90128
- .C0120

- .CO089
.GG120

- .00175

- .LY3199
- .00199
- .00195
- .00199
- *(-jo199

- .0(?199
- .00199
- .(X)199
- .00199
- .C0199
- .00199
- .00199

Estimated
da
*

——— .

-0.01
-= .07

.40

.32

.31
●M

o

●42
.26
.09
.25
.15

- .29
.62
17r

●aJ
.21
b?.A
.25

- .01

r.
r“,

Gl
0

aBlisters and coclqit enclosure removed.
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.
. EX’3’ECT OF I?LA.PS OIT DIRECTIONAL STilBILIIY 03’ COMPLZTE AIRPLA1H8

.-

.

..

.

1

7

8

12

13

15

22

23

25

26

27

29

31

32

a

(de

-1.0
~lo,l

8,5

9*5

-4.1
2*2
8,4

2.3

b2.3

-1.8

10.5

10.0
16.9

10.9

11.1

0

12.5

.’?

1.1

;)
Flaps down

. . ...”

~8.8

8,5

8.0

a-3.9
a2*4
~o.?

~2.3
~>b2.3

~6.4

10./3

10.3
15.1

9,3

8.5

12.4

10.9

a5.2

9.6

tlc
T

maps up

-0.00092

- .00124

- ,00075

- .00045

- .00022
.00028
.00038

“ .00014

.00025

,00096

.00095

,00071
.00071

.00118

.00119

- .0013’7

.00121

.00109

.00137

!

Ylaps down

---------

-0’.00147

- .00069

- .00093

.00028

.00025

.00015

.00023

,00020

- .00115

.00100

- .00114
- .00060

- ,00174

.00133

- .00182

- .00145

.00120

. .00137

.

QLancling gear extcn$ed.

bEmpcnnage raised 1+ in.
8
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Model
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TABLEX

FUSELAGEAMD HULL CHARACTERISTICS

Refer-
enoe

11

11

11

11

11

11

11

11

11

11

11

11

11

From
unwb-
lished
results
of 7- b~
lo-foot
wind
tunnel

9

[m;h)

40

40

40

40

40

40

40

40

40

78

78

78

78

80

so

80

80

Pro-
jecc:d

(:t) a~e~
,aqfll)

1.9570.428

1.759 .413

1.a34 .425

1*849 .408

1.513 .282

1..590 .316

1.908 .453

1.782 .448

3,.670 .53a

3.3?3 1.46J!

2,625 .832

2.sss .781

2.205 ,474

4.910 3.000

4,080 2.285

4.420 2,180

3.360 1.474

Volume
IOU ftl

).0683

.0766

.0768

,0651

.0430

.0534

.0966

.0845

.0824

.3?80

.1870

●2220

.1280

L.0700

●7500

.8750

.6100

32

L+_&’

kperi-
lenta~

0.038

.021

.023

.031

.024

.022

.025

.026

.028

.027

.018

.019

.011

.022

.015

,01%

.019

).0034

.0063

.0084

.0072

.0032?

.0066

.0049

.0043

.00s4

.0078

●0107

.0094

.0095

●0106

.0094

.0046

.0044

4:alcu-,ated

0.035

--- I

—

.034

.025 ~

.031{

---

--

-

i
,

---

---

---

---

---

---

).027

*027
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MO(R?1

u?

i4

-4
11

2

3
11

5
5
5
()
o
0
5
5
5
0
0
0

o
0

Q

o
0

0
0
0
60
60
60
0
0
0
60
60
60

* , 1’. -, ,, ,, I
I

, .
, ,

MKLa XL - FWEIAGE-IVING IN!NE3E’EREWE

Dihedral
{~cg)

3
3

3

4.8
4.8

0
0
0
0
0
0
5
!5
5
5
5
5

Wing
position

High

-- do --

-- do --

-- do --
-- do --

-- do --
Middle
Low
%~&

Middle

Low
High
Middle
Low
High

Hiddlc
Low

Fuselage
m hull
alone

0.00050
.00050

.00068

.00050

.000?37

.0006C

.0006C

.0006C

.0006C

.0006(

.0006C

.0006C

.oc)()~

.0006C
●OO06C
.0006i
●WOW

——

Wing
~alone

-0.00005
- .00008

- .00004

- ●omo7
- .00015

0
0
0
- .00010
- .Ooolc
- .Ooolc
o
0
0
- .0002C
- .0002C
- ●ocn2c

c1.00045
.00042

.00064

.00043]

.000?2

.00050

.00060

.00060

.00050
● 00050
.00050

.Ooo(xl

.00060

.000(33

.00040

.00040

.00040

?uselagc

IIl& +
wing

).00047
.00032

.00085

.00100

.00100

.00035

.00041

.00030

.00030

.00020

.00010

.GO037

.00041

.00035

.00040

.00030

.00010

?cu+@age-wing
interfermce

fp”~~o~

Pi

.—

1.04
.76

1.33

2.32
1.39

●5G
● 68
.50
“1.0
.40

- .20
.62
.68
.58

1.00
.75
.25

I-#
0
9

cd
w
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MODEL 9
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Figure l(c). - Geumetric characteristicsof airplmes
~d models,
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MODEL 21

-

MODEL 22

MODEL 23 MODEL 24m

Figure l(f). - Geometric characteristicsof airplanes
and models.
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Figure 2.- The five types of
vertical tail.
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Figure 3.- Variation of slope of the normal-force curvt>with aspect
ratio, A, Results for A43 from reference 3, rtsults for .,”
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~imre 4.- Variation of’rel:itiVerudder effeCtiven~SS With sr/st and Sb/Sr..
(froini?i~.19 of reference 2).
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Ratio of rudder area to tail area,Sr/St
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Figure 6,- Vqriation of the hinge-moment parameter v with Sb
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Figure7.- Dynamic-premXe
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Figure 8.- Variation of yawing-moment coefficient with rudder deflection.
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Figure 14.- Directional stability, Yawing-moment coefficient against angle of yaw.
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X’igure15.- Variationwithangleof attack of rate ofohulgeof yawing-moment
ooofficient with yaw. Oumee for airplameg that lwm poor direotiomal

stab21ity are included;therefore,this figure oannot be ueed for deeigm oriteriome.
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